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Abstract

Philadelphia-negative chronic myeloproliferative neoplasms (Ph-negative MPN) which include
polycythemia vera (PV), essential thrombocythemia (ET) and primary myelofibrosis (PMF) are known to have
a propensity to develop thrombosis, bleeding, myelofibrosis and acute leukemia. Objective of this study
was to evaluate the prevalence and significance of JAK2 mutation in Ph-negative MPN patients and
evaluate the prognostic factors leading to morbidity and mortality.

This study included retrospective reviews of Ph-negative patients diagnosed and treated in the Hematology
Divisions of Rajvithee and Thammasat Hospitals, Thailand from 1 January 2002 to 31 December 2011.
JAK2 mutation was established by allele-specific polymerase chain reaction (PCR).

There were 73 Ph-negative MPN patients including 28 with ET, 44 with PV, and 1 with PMF.
The incidence of JAK2 mutation was 54.8% (40/73 cases), 61% in PV patients (27/44 cases) and 46.4%
in ET patients (13/28 cases). The significant factor associated with positive JAK2 mutation was age
over 59 years (OR 2.06, 95%Cl=1.59 - 11.45, p = 0.003). Other factors had no statistical significance. A white
blood cell count (WBC) of over 12,000/mm® and a platelet count of over 400,000/mm® presented as
major risks for bleeding complications in PV patients. (OR 1.36, 95%Cl=1.09 - 1.69, p = 0.008 and OR
1.38, 95%CI=1.10 - 1.73, p = 0.006, respectively).

This study showed having an age of atleast 59 years was associated with a high rate of JAK2

mutation. Elevated WBC counts and platelet counts correlated well with increased bleeding in PV patients.
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Introduction

Polycythemia vera (PV), essential thrombocythemia
(ET) and primary myelofibrosis (PMF) are Philadelphia (Ph)
chromosome-negative chronic myeloproliferative neoplasms
(MPNs) by the definition of World Health Organization (WHO)
Classification of Tumors of Hematopoietic and Lymphoid
Tissues 2008 revision.' Patients usually present with high
cellular levels leading to bleeding, thrombosis, and may turn
into acute leukemia or primary myelofibrosis (PMF). PMF is
a rare condition presented commonly with splenomegaly.
The identification of the JAK2 mutation has been an exciting
new discovery in Ph-negative MPNs since 2005.° ° The
most common mutation was JAK2V617F mutation which
can be detected at rates of about 23 - 95%,” " “ and
higher in patients with PV (65 - 97%) than ET and PMF
(20 - 65%).° ° However, JAK2V617F mutation was also report-
ed in lower frequencies in other hematologic malignancies’
and possible consequences of the JAK2V617F and the
development of JAK2 in MPN are still under active
investigation.® " '® There are few studies about JAK2
mutation and clinical symptoms of Ph negative MPNs in
Thailand."

The primary objective of this study was to
determine the incidence of JAK2 mutation in Ph-negative
MPN patients. The secondary objective was to find possible
correlations between clinical and laboratory parameters with
JAK2 mutation in those patients and any other potential

significance.

Methods

This study included retrospective reviews of
Ph-negative MPN patients who were diagnosed by WHO
2008 criteria'” and treated at the Hematology Divisions of
Rajvithee and Thammasat Hospitals from 1 January 2002 to
31 December 2011. JAK2 mutation was detected by allele
specific polymerase chain reaction (PCR). Odds ratio (OR)
and Fisher’s Exact Test were used for statistical analysis.
The fregeuncy of JAK2 mutation and its correlation with
patients’ clinical and laboratory parameters were then ana-
lyzed.

The patients who were not Ph-negative MPN or
who did not sign a consent for JAK2 mutation analysis

were excluded from the study.

Results

From 1 January 2002 to 31 December 2011,
there were 73 Ph-negative MPN patients: 28 with ET, 44
with PV and 1 with PMF as shown in Table 1. From
all 73 Ph-negative MP N patients, there were 44 males
(60.3%), with the mean aged of 58.4 years (20 - 94 years).
From the forty-four patients with PV, there were 27
males (61.4%), aged 22 - 87 years (mean 57.7 years), and
17 males from 28 ET patients (61.4%), aged 22 - 87 years
(mean 57.7 years). There was one PMF female patient,

70 years old.
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Table 1 Characteristics and treatment of Ph negative MPN patients

Parameter PV ET PMF All

N =44 N = 28 N =1 N =73
Age: average (years) (range) 57.7 (22 - 87) 59.56 (20 - 94) 70 58.44 (20 - 94)

Male/ total case 27/44 17/27 0 44773
Hb (g/dL) 16.34 (5.9 - 23.9) 12.69 (7.8 - 16.6) 7.8 14.89 (6.9 - 23.9)
Het (%) 50.2 (21.2 - 73.7) 38.37 (27.7 - 50) 23.6 455 (21.2 - 73.7)

WBC (/mm’) 17,819 13,721 35,200 16,141
(6,400 - 51,500) (3,700 - 35,200) (3,700 - 51,500)

Platelet (/mm?’) 639,409 1,151,786 160,000 829,370

(175,000 - 1,765,000)

(485,000 -1 ,123,000)

(160,000 - 2,123,000)

Splenomegaly (cm) 8 1 1 10
Treatment cases cases cases cases
Hydroxyurea 42 26 0 68
Anagrelide 7 2 0 9
Aspirin 36 22 0 58
Complications

Thrombosis 20 8 0 28
Bleeding 8 2 0 10
Leukemia 2 0 0 2
Myelofibrosis 1 1 1 2

Laboratory findings in the 44 PV patients showed a
mean hemoglobin (Hb) level of 16.34 g/dL (range, 5.9 - 23.9
g/dL) with a mean hematocrit (Hct) of 50.2% (range, 21.2
- 73.7%). There were 2 patients with anemia (4.5%) and
the level of HB/Hct increased after iron supplementation.
For the 28 ET patients, mean Hb level was 12.69 g/dL
(range, 7.8 - 16.6 g/dL). There were 8 patients with anemia
(28.5%) and the level of Hb increased after iron supple-
mentation.

The mean level of WBC was 17,819/mm®
(range, 6,400 - 51,500 mm?) in PV patients and 13,721/
mm?® (range, 3,700 - 35,200/mm? in ET patients. PV
patients had a mean platelet count at 639,409/mm? (range,
175,000 - 1,765,000/mm?), and the mean platelet count
was 1,151,786/mm’ (range, 485,000 - 1,123,000/mm’) in
ET patients. One patient with PMF had a Hb level of

7.8 g/dL, a Hct level of 23.6%, a WBC count of 35,200/mm?,
and a platelet count of 160,000/mm®.

There was an 18% (8 in 44 cases) splenomegaly
in PV patients and 4% (1 in 28 cases) in ET patients. One
patient with PMF presented with an enlarged spleen. The
most common complication found was thrombosis. There
were 20 cases in the 44 cases (45%) in the PV group
and 8 cases in the 28 cases (7%) in the ET group with
thrombosis. Bleeding problems were found in 8 cases out
of 44 cases (18%) in the PV group and 2 cases out of
28 cases (7%) in the ET group.

Almost all patients (68 out of 73; 93%) received
hydroxyurea for general cytoreduction treatment. A few
cases received anagrelide (9 out of 73; 12%), and 80%

received aspirin (58 out of 73 cases).
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Table 2 Patient factors and correlation with JAK2 mutation in Ph-negative MPN patients

All cases (n = 73) OR
JAK- JAK+ (95%Cl) palue
Age
> 60 yr 10 (30.3%) 26 (65.0%) 4.27 0.003
< 60 yr 23 (69.7%) 14 (35.0%) (1.59 - 11.45)
Female 15 (45.5%) 14 (35.0%) 1.55 0.36
Male 18 (54.5%) 26 (65.0%) (0.60 - 3.98)
Duration from diagnosis
>byr 14 (42.4%) 23 (57.5%) 1.83 0.20
<b5yr 19 (57.6%) 17 (42.5%) (0.72 - 4.66)
WBC
> 12,000/mm’ 18 (54.5%) 28 (70.0%) 1.94 0.17
< 12,000/mm° 15 (45.5%) 12 (30.0%) (0.74 - 5.09)
Platelet > 400,000/mm® 25 (75.8%) 32 (80.0%) 1.28 0.66
8 (24.2%) 8 (20.0%) (0.42 - 3.89)
Platelet > 800,000/mm® 13 (39.4%) 19 (47.5%) 1.39 0.48
20 (60.6%) 21 (52.5%) (0.54 - 3.54)
Thrombosis 9 (27.3%) 19 (47.5%) 2.4 0.07
24 (72.7%) 21 (52.5%) (0.90 - 6.47)
Bleeding 2 (6.1%) 8 (20.0%) 3.87 0.07
31 (93.9%) 32 (80.0%) (0.76 - 19.70)
Splenomegaly:
yes 3(9.1%) 8 (20.0%) 25 0.18
no 30 (90.9%) 32 (80.0%) (0.60 - 10.32)
Turn to AL:
yes 2 (6.1%) 0 NA 0.72
no 31 (93.9%) 40 (100%)
Turn to MF:
yes 1 (3.0%) 1 (2.5%) 0.82 0.89
no 32 (97%) 39 (97.5%) (0.05 - 13.64)

Abbrevations: AL, acute leukemia; MF, myelofibrosis
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Table 3 Patient factors and correlation with JAK2 mutation in PV patients

PV (44 cases) OR pvalue
JAK- (17) JAK+(27) (95%Cl)
Age
> 60 yr 3 (17.6%) 18 (66.7%) 9.33 0.001
< 60 yr 14 (82.4%) 9 (33.3%) (2.12 - 41.06)
Female 9 (562.9%) 8 (29.6%) 2.67 0.12
Male 8 (47.1%) 19 (70.4%) (0.76 - 9.43)
Duration from diagnosis
>5yr 10 (58.8%) 9 (33.3%) 1.40 0.60
<byr 7 (41.2%) 18 (66.7%) (0.40 - 4.9)
WBC
> 12,000 /mm’ 11 (64.7%) 19 (70.4%) 1.29 0.70
< 12,000 /mm’ 6 (35.3%) 8 (29.6%) (0.36 - 4.7)
Platelet > 400,000/mm’ 10 (58.8%) 19 (70.4%) 1.63 0.43
7 (41.2%) 8 (29.6%) (0.47 - 5.9)
Platelet > 800,000/mm® 4 (23.5%) 10 (37.0%) 1.9 0.34
13 (76.5%) 17 (63.0%) (0.48 - 7.4)
Thrombosis 5 (29.4%) 15 (55.6%) 3 0.86
12 (70.6%) 12 (44.4%) (0.83 - 10.9)
Bleeding 1 (5.9%) 7 (25.9%) 5.6 (0.62 - 50.34) 0.07
16 (94.1%) 20 (74.1%)
Splenomegaly:
yes 1 (5.9%) 7 (25.9%) 5.6 (0.63 - 50.3) 0.73
no 16 (94.1%) 20 (74.1%)
Turn to AL:
yes 2 (11.8%) 0 NA 0.47
no 15 (88.2%) 27 (100%)
Turn to MF:
yes 1 (5.9%) 0 NA 0.16
no 16 (94.1%) 27 (100%)

Abbrevations: AL, acute leukemia; MF, myelofibrosis
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Table 4 Patient factors and correlation with JAK2 mutation in ET patients

ET (29 cases) OR pvalue
JAK- JAK+ (95%Cl)
Age
> 60 yr 7 (43.8%) 8 (61.5%) 2.06 0.33
< 60 yr 9 (56.3%) 5 (38.5%) (0.46 - 9.14)
Female 6 (37.5%) 6 (46.2%) 0.7 0.63
Male 10 (62.5%) 7 (563.8%) (0.16 - 3.10)
Duration from diagnosis
> 5 yr 4 (25.0%) 5 (38.5%) 1.87 0.44
<5yr 12 (75.0%) 8 (61.5%) (0.38 - 9.19)
WBC
> 12,000/mm’ 7 (43.8%) 4 (30.8%) 2.89 0.16
< 12,000/mm’ 9 (56.3%) 4 (30.8%) (0.62 - 13.45)
Platelet > 400,000/mm’ 15 (93.8%) 13 (100%) 1.87 0.27
1 (6.3%) 0 (01.36 - 2.63)
Platelet > 800,000/mm® 9 (56.3%) 9 (69.2%) 1.7 0.47
7 (43.8%) 4 (30.8%) (0.38 - 8.14)
Thrombosis 12 (75%) 9 (69.2%) 1.3 0.73
4 (25%) 4 (30.8%) (0.26 - 6.82)
Bleeding 1 (6.3%) 1(7.7%) 1.25 0.88
15 (93.8%) 12 (92.3%) (0.07 - 22.13)
Splenomegaly:
yes 2 (12.5%) 1(7.7%) 0.58 0.67
no 14 (87.5%) 12 (92.3%) (0.47-7.26)
Turn to AL:
yes 0 0 NA NA
no 16 (100%) 13 (100%)
Turn to MF:
yes 0 12 (92.3%) NA 0.19
no 16 (100%) 1 (7.7%)

Abbrevations: AL, acute leukemia; MF, myelofibrosis
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The incidence of JAK2 mutation was 54.8%
(40/73 cases), 61% in PV patients (27/44 cases) and 46.4%
in ET patients (13/28 cases). One factor associated with
positive JAK2 mutation was an age at least 60 years (OR
2.06, 95%Cl=1.69 - 11.45, p = 0.003) as illustrated in Table
2, 3 and 4. Other factors were not statistically significant.
A WBC count of over 11,999/mm? and platelet count of
over 399,999/mm? were shown as major risk factors for
bleeding complications (OR 1.36, 95%CI = 1.09 - 1.69
p = 0.008 and OR 1.38, 95%Cl = 1.10 - 1.73, p = 0.006,
respectively).

This study of the correlation of clinical factors
including JAK2 mutation together with thrombosis, bleeding,
incidence of acute leukemia and myelofibrosis transforma-
tions found that a WBC count of at least 12,000/mm’ and
a platelet count of at least 400,000/mm® in PV patients
suggested an increased risk of bleeding problems (OR
1.32, 95%CI=1.09 - 1.69, p = 0.008 and OR 1.38, 95%
Cl =110 - 1.73, p = 0.006, respectively). Although other
factors detailed in Table 5.1 and 5.2 also had high OR; they

were not statistically significant (p > 0.05).

Discussion and Conclusion

Since William Dameshek introduced the spectrum
of myeloproliferative disorder in 1951", the discovery of the
JAK2 mutation in 2005° led to an increase of knowledge in
pathophysiology, a new guideline for diagnosis, and more
hope in the treatment of MPN." '® There were many stud-
ies reporting the incidence of JAK2 mutation ranging from
85 - 97% in PV *7 " and from 23 - 57% in ET and PMF

patients.* "7 "8

In this study, we found that the incidence
of JAK2 mutation was 61% in PV patients and 46% in ET
patients. One patient with PMF had a positive JAK2 muta-
tion. However, the effects of the JAK2 mutation to clinical
presentation cannot be determined in this case. The risk of
bleeding, thrombosis or other cardiovascular disease must
be evaluated by using an age and a history of thrombosis

event.

Dahabresh et al."” showed the results of meta-anal-
ysis from 17 studies about Ph-negative MPN patients that
patients with JAK2 mutation had a correlation with a higher
incidence of thrombosis (~ 90%) which are both thrombo-
sis leading to diagnosis and during treatment (OR = 1.68,
95%Cl=1.30 - 2.15, p < 0.0001 and OR 2.5, 95%CI=1.71
- 3.66, p < 0.0001, respectively). The risk of thrombosis
was found in arterial and venous sites. No clinical correla-
tion was found between the JAK2 mutation and bleeding
incidence or incidence of transformation to acute leukemia
and myelofibrosis. In addition, they found that splenomegaly
may be associated with the JAK2 mutation (OR 1.32,
95%Cl = 1 - 1.75, p = 0.06). ET patients with JAK2 muta-
tion were presented in a high proportion of cases turning
into PV (OR = 7.67 (95%Cl=2.04 - 28.87), p = 0.0009).”
The presence of JAK2 mutation did not necessarily affect
the incidence of transformation to acute leukemia (OR =
1.44 (95%Cl=0.54 - 3.82), p = 0.62) or myelofibrosis (OR =
0.64 (95%Cl=0.33 - 1.23), p = 0.24) in this study.

Kittlur et al.®, Cheung et al”®, Zhang et al’’ and
James et al.” reported that ET patients with JAK2 mutation
had a higher Hb or Hct levels like PV, or had a chance of
polycythemic laboratory profile such as high Hb, leukocy-
tosis, and low erythropoietin level. Many studies reported
that the incidence of thrombosis was as high as 90% in
ET patients who had JAK2 mutation.* %

Passamonti et al.”’ reported life expectancy and
prognostic factors for survival in patients with PV and ET.
PV patients had an overall survival rate of 73% at 15 years
post diagnosis. High-risk patients were defined by a history
of thrombosis (HR = 2.2, p = 0.002 for PV) and thrombocy-
tosis (HR = 2, p = 0.01 for PV) and male gender (HR 1.8,
p = 0.03 for ET). Najean et al.” reported that the incidence
of acute leukemia and myelofibrosis transformation in PV
and ET patients was quite low at 7% in PV and 2% in ET
patients at 15 years, but it was difficult to differentiate from
the effects of immunosuppressive drug such as pipobroman

or hydroxyurea.
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Table 5.1 Correlation of clinical factors and complication

ODDs ratio (95% CI)

Thrombosis p Bleeding p Splenomegaly p

Age > 60 year

All 1.67 (064 - 43) 0.29 1.03 (0.27 - 3.9) 0.96 1.9 (0.53 - 7.5) 0.35

PV 1.7 (052 - 5.67) 0.37 2.08 (0.43 - 10.06) 0.59 2.08 (0.85 - 1.5) 0.35

ET 1.83(0.35-9.71) 047 0.86 (0.69 - 1.06) 0.80 2.0 (0.16 - 24.87) 0.58
WBC > 12,000/mm’

All 1.83 (0.66 - 5.02) 0.23 6.3 (0.75 - B53) 0.38 3.04 (0.60 - 15.27) 0.14

PV 1.16 (0.33-42) 0.81 1.36 (1.09 - 1.69) 0.008 3.9 (0.44 - 35.81) 0.17

ET 3.3 (0.54 - 20.27) 0.18 0.8 (0.45 - 14.16) 0.88 1.7 (0.14 - 21.33) 0.67
PLT > 400,000/mm’

All 0.75(0.24 - 2.3) 061 1.2 (0.24 - 2.3) 0.02 1.31 (0.25 - 6.8) 0.74

PV 0.93 (0.27 - 3.24)  0.91 1.38 (1.10 - 1.73) 0.006 4.45 (0.49 - 40.19) 0.13

ET 1.4 (111 -177) 042 1.08 (0.97 - 1.19) 0.70 14 (3.68 - 53.23) 0.03
PLT > 800,000/mm’

All 1.19 (0.46 - 3.07) 0.73 1.33 (0.35 - 5) 0.67 1.08 (0.29 - 3.92) 0.91

PV 2.0 (065 -7.24) 029 5.0 (0.99 - 25.21) 0.046 2.60 (0.54 - 12.45) 0.24

ET 1.03 (0.19 - 551)  0.98 0.82 (0.62 - 1.08) 0.042 0.27 (0.02 - 3.33) 0.29
JAK2, All 2.4 (090 - 6.47)  0.07 3.87 (0.76 - 19.70) 0.07 2.5 (0.60 - 10.32) 0.18
JAK2, PV 3(0.83-10.9) 0.86 5.6 (0.62 - 50.34) 0.07 5.6 (0.63 - 50.3) 0.73
JAK2, ET 1.3(026-682 0.73 1.25 (0.07 - 22.13) 0.88 0.58 (0.47 - 7.26) 0.67

PV = polycythemia vera

ET = essential thrombocythemia
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ODDs ratio (95% CI)

Turn to AL p Turn to MF p

Age > 60 vyear,

All 0.94 (0.87 - 1) 0.09 1.03 (0.62 - 17.09) 0.98

PV 0.9 (0.8 - 1.04) 0.10 0.95 (0.87 - 1.04) 0.25

ET NA - 0.97 (0.33 - 1.0) 0.25
WBC > 12,000/mm?’,

All 1.04 (0.98 - 1.11) 0.17 1.04 (0.98 - 1.11) 0.17

PV 1.07 (0.97 - 1.18) 0.21 1.03 (0.97 - 1.11) 0.38

ET NA NA 1.07 (0.94 - 1.21) 0.27
PLT > 400,000/mm”’,

All 1.04 (0.98 - 1.09) 0.32 1.04 (0.98 - 1.09) 0.32

PV 1.07 (0.97 - 1.19) 0.19 1.04 (0.97 - 1.11) 0.36

ET NA NA 1.04 (0.97 - 1.11) 0.79
PLT > 800,000/mm?,

All 1.2 (0.07 - 21) 0.85 1.06 (0.97 - 1.16) 0.06

PV 2.23 (0.13 - 38.49) 0.59 1.07 (0.93 - 1.25) 0.13

ET NA NA 1.06 (0.95 - 1.18) 0.32
JAK2, All NA 0.72 0.82 (0.05 - 13.64) 0.89
JAK2, PV NA 0.47 NA 0.16
JAK2, ET NA NA NA 0.19

PV = polycythemia vera
ET = essential thrombocythemia
AL = acute leukemia

MF = myelofibrosis

In this study, we found a higher incidence of
complications, such as thrombosis and bleeding, in patients
with JAK2 mutation (OR 3 and 5.6 for PV; OR 1.3 and
1.25 for ET, respectively); however, this was no statistically
significant, might be due to small sample size. For acute
leukemia and myelofibrosis transformation, there were limi-
tations due to the low number of patients, too and the low
incidence of transformation of which we could not calculate
the correlation, as shown in Table 5.1 and 5.2 We found
5% (2/44) of PV patients had a transformation to acute
leukemia, and that 3% (2/72) of all Ph-negative MPN had

a transformation to myelofibrosis. Regarding the patients’
follow-up, no long term patient follow-ups were presented
in all patients, some patients were followed shorter than 1
year, so this study could not determine a true life expec-
tancy. The mean duration of diagnosis and follow-up was
5.6 years in PV patients (1 - 14 years) and 3.8 years in ET
patients (1 - 8 years).

In summary, this study is a study of the incidence
of JAK2 mutation and the relationship between the muta-
tion and clinical symptoms in Thailand. Our study supports

previous studies about the incidence and correlation of the
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JAK2V617F mutation. The positive mutation was correlated
with age, high Hb and Hct levels, and a tendency to have
a leukocytosis, splenomegaly, bleeding and thrombosis
events. The detection of this mutation was used for diag-
nosis and classification, and may be useful in the treatment
of MPNs in the near future. The longer follow-up of this
study should be done to estimate the life expectancy of

Thai patients with PV and ET.
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sssumMAasIDFaNs UA o aUUA & Us:idouaainy — SUDAL b&&d

unANYd

AMadaRuTsEnd9nIInateRuiuesdu JAK2 uazen1amenddnluguas myeloproliferative neoplasm @elainy

Fanaielaslalyn

wanwel adlanind*, sivde gassause

* g1wlafindngn MAIIENYIFEAT AMIWNNLAIARS AMNINeNaesITNAERS AsndnUnaond

{1 laTinINg1 NaNIIUILINIIN 1IINYIUIAIIVIE NFIMNANNIUAT

UNHI:

AWnsfnun:

NANNTANYA:

ERYE QT
dgUunan1sfnen:

nanlsA myeloproliferative neoplasm (MPN) FolinuTlanaadielaslalvsdsznaudaelsaiinusglgun
T3ndandu (polycythemia vera, PV) 13ALNEALEBAEY (essential thrombocythemia, ET) kazlsawaRinlu
lunsggnuuuLiaLes (primary myelofibrosis, PMF) %ﬂLﬂ%ﬁ%iﬂUﬁudwﬁiaﬂﬂauﬁ@m'gzﬁmL‘ﬁamﬁméfu
FonoanfAinuand WaioRnlulunszen waznaieuzdadadonauadaundu marnuiifinguazaed
Wenwgianisaiuazaaddnuesnsnateiuivesiu JAK2 uagensvnnainlugias MPN B
Linuaneaielasialon sanisussfiudadefifuadanaymnaniwvianiadedia
nafnuidunisfnundaundslaesunndeyadiae MPN TelinuRanaaiielaslalondldsy
n1s3fadeuasinwlulseneguiasssamansefansaiiosd dsniauyaodl wazlssneuasydi
NTNATUAT AIUFA 0 ANTIAN WA, beee A9 mo FUIAN 6. beew NMIATIANINAEHUTIBITY
108 allele specific PCR

PINA o ANTIAN NA. beee B9 mo FUIIAN WA, weew Hitan MPN TolanufianaaifizlasTaley
U e 312 oedudiloy ET we 318 §Uig PV @@ 318 wazfiae PMF o 3¢ aiifinnssives
NINA8IYe9du JAK2 Whiudeeas ee.e (dofae 312) IENUFELAZ vo Lufiae PV (wa/ee 378)
uaz¥epay «o.« WuEie ET (enfoe 318) Tadefinuinfeatesiunisnaneiusansdu JA2 Téun
21831NNd1 ¢a U (OR 2.06, 95%Cl=1.59 - 11.45, p = 0.003) Hadedulinuinfianud fgneaaa
wanaNIUNUd USanaudatdanv1afiunnnit eb,ooo NUIARAARNAT wazndadanfiunnndy
00,000 gAUIANRAANAT WutladeidesdaniaifioidoneaniaUsnd (OR 1.36; 95%Cl=1.09 - 1.69,
p = 0.008 Ay OR 1.38; 95%Cl=1.10 - 1.73, p = 0.006 HHAN)

nsfnwiinudndas MPN fiflengannndweniiu es @ SetAnisdvasnisnanesiuduasiu JAK2
goninguegesndt vo U Usnaudaiienvafiannnivdewindu eb,coo gnUIRRTARNAT LAS
\ndnLAnATiNINNIWIaWIAY oo 000 gunddfiadiaes Wutladeidesdenisiiniiensenfinyand

AdAay: Myeloproliferative neoplasm, T13ALABAYY (polycythemia vera, PV) T3ALNaALABAEY (essential thrombocythemia, ET)

nsnateiuguesdu JAK2, nsnatesiuguesdu JAK2 fisusie Ve17F






